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Abstract. Nitrogen deposition experiments were carried out in alpine meadow ecosystems in
Qinghai-Xizang Plateau in China, in order to explore the contribution of nitrogen deposition to
carbon sequestration in alpine meadows. Two methods were used in this respect. First, we used the
allocation of 15N tracer to soil and plant pools. Second, we used increased root biomass observed in
the nitrogen-amended plots. Calculating enhanced carbon storage, we considered the net soil CO2
emissions exposed to nitrogen deposition in alpine meadows. Our results show that nitrogen
deposition can enhance the net soil CO2 emissions, and thus oﬀset part of carbon uptake by
vegetation and soils. It means that we have to be cautious to draw a conclusion when we estimate
the contribution of nitrogen deposition to carbon sequestration based on the partitioning of 15N
tracer in terrestrial ecosystems, in particular in N-limited ecosystems. Even if we assess the con-
tribution of nitrogen deposition to carbon sequestration based on increased biomass exposed to
nitrogen deposition in terrestrial ecosystems, likewise, we have to consider the eﬀects of nitrogen
deposition on the soil CO2 emissions.
Introduction
Since the onset of Industrial Revolution, human activities have altered the
global nitrogen (N) cycle signiﬁcantly. A large amount of reactive N origi-
nating from fossil-fuel emissions (Galloway et al. 1994) and fertilizer con-
sumption (Matthews 1994) and biomass burning (Crutzen and Andreae 1990)
has been deposited into all kinds of ecosystems on Earth. The consequences of
N deposition have been a concern widely (Matson et al. 2002; Vitousek et al.
1997) because N limitation of terrestrial productivity is widespread on Earth
(Vitousek and Howarth 1991). Accordingly, N deposition has been applied to
explain ‘missing’ carbon (C) sink (Peterson and Melillo 1985; Schindler and
Bayley 1993; Galloway et al. 1995; Schimel 1995; Townsend et al. 1996; Hol-
land et al. 1997). Actually, many studies demonstrate that N deposition can
result in enhanced C storage in boreal forests through stimulating plant growth
(Peterson and Melillo 1985; Schindler and Bayley 1993; Apps et al. 1994;
Ma¨kipa¨a¨ 1995; Turner et al. 1995; Speicker et al. 1996; Nissinen and Hari
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1998), and increase C sequestration in both humus layer and mineral soil in
boreal forests (Ma¨kipa¨a¨ 1995).
Besides, N deposition has many dramatic eﬀects on other ecological pro-
cesses in terrestrial ecosystems, such as root respiration, soil microbial respi-
ration and litter decomposition (including dead roots). Recent research has
shown that N addition can enhance (Hunt et al. 1988; Berg and Tamm 1991;
Fenn 1991; Prescott et al. 1992; Kuperman 1996), depress (So¨derstro¨m et al.
1983; Persson and Wire´n 1989; Berg and Tamm 1991) or have no eﬀect on
decomposition rates (Prescott 1995; Prescott et al. 1999). Possible mechanisms
have been put forward, in order to interpret the phenomena above, e.g. it is
suggested that decomposition is stimulated by N addition during early stages,
while depressed during later stages, in particular during the stage of lignin
decomposition (Fogg 1988; Berg and Matzner 1997). Subsequently, it is proven
by many studies on the eﬀects of N deposition on extracellular enzyme activ-
ities (Hobbie 2000; Osono and Takeda 2001; Saiya-Cork et al. 2002; Vest-
garden 2001). Of them, Saiya-Cork et al. (2002) ﬁnd that N deposition can
enhance litter decomposition and depress soil organic matter decomposition.
Furthermore, it shows that N additions signiﬁcantly accelerate the decompo-
sition of light soil C fractions, whereas further stabilize soil C compounds in
heavier, mineral-associated fractions (Neﬀ et al. 2002). Long-term N additions
can reduce decomposition rates, along with increased lignin accumulation
(Magill and Aber 1998). Meanwhile, other studies indicate that N deposition
can increase (Ma˚nsson and Falkengren-grerup 2003; Gallardo and Schlesinger
1994), reduce (Arnebrant et al. 1996; Aerts and de Caluwe 1999; Berg and
Matner 1997; Fog 1988; Persson and Wiren 1989; Persson et al. 2000) or have
no signiﬁcant inﬂuences on soil CO2 emissions (Castro et al. 1994).
This means that N deposition might have an impact on the net soil CO2
evolution through aﬀecting both litter and soil organic matter decomposition,
and thus increase or decrease C storage in terrestrial ecosystems. However,
most studies (Holland 1997; Nadellhoﬀer et al. 1999; Peterson and Melillo
1985; Schindler and Bayley 1993; Townsend et al. 1996) within this research
ﬁeld are restricted to estimate C uptake by vegetation, but few consider whe-
ther N deposition can enhance litter decomposition and thus increase soil CO2
emissions and counteract any increased C uptake by vegetation in terrestrial
ecosystems, e.g. Nadellhoﬀer et al. (1999) suggest that N deposition makes a
minor contribution to C sequestration in temperature forests, based on the
partitioning of 15N tracer in forests. They do not consider the eﬀects of N
deposition on the soil CO2 emissions. As a result, their budget suﬀers from
some uncertainties.
Most studies about the eﬀects of N deposition on plant growth and litter
decomposition and CO2 emissions are, respectively, conducted in forest eco-
systems, because boreal forests have been regarded as signiﬁcant CO2 sinks.
Moreover, the research on soil CO2 emissions is only based on soil incubation
experiment in the laboratory. Few experiments are done to assess the potential
for enhanced C storage in the ﬁeld in grasslands or in alpine ecosystems, which
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function as a potential sink for atmospheric CO2 (Van Ginkel 1999; Cao et al.
2004). Alpine meadows occupy more than 35% of the Qinghai-Xizang Plateau
which extends over 2.5 million km2. They are very fragile and sensitive to
environmental changes due to huge altitude of the Plateau, and are experi-
encing N deposition of 7.2–10 kg N hm2 yr1 through rain (Zuo et al. 1986),
where plant growth is also limited by available N (Cao and Zhang 1999).
Hence, N input through rain can enhance C sequestration in alpine meadows.
However, little is known about the contribution of N deposition to C
sequestration in alpine meadows in the Plateau.
The purposes of this research are to quantify the amount of enhanced C
sequestration in alpine meadows exposed to N deposition. Two methods were
used in this research: ﬁrst, we estimated the contribution of N deposition to C
sequestration based on the allocation of 15N tracer to soil and plant pools, and
second based on increased root biomass observed in the N-amended plots.
Calculating the enhanced C sequestration, we considered the net soil CO2
emission in alpine meadows exposed to N deposition, in order to demonstrate
whether N deposition can enhance the net soil CO2 emission and oﬀset part of
C uptake by alpine meadows. Furthermore, we attempt to make sure which is
better for estimating the contribution of N deposition to C sequestration in
terrestrial ecosystems using the partitioning of 15N tracer in the ecosystem or
increased biomass caused by N deposition.
Materials and methods
Sites description
The study area is located in an alpine meadow ecosystem zone in the Qinghai-
Xizang Plateau, China, where is characterized by a typical alpine meadow
climate: warm and rainy summers and cold, dry and windy winters. Mean
annual precipitation is 560 mm and annual temperature averages 1.7 C at
Haibei Research Station from 1976 to 2001. The soil is classiﬁed as Mat Cry-
gelic Cambisol. Detailed descriptions about soil and soil microorganisms are
available elsewhere (Bao et al. 1995; Chinese Soil Taxonomy Research Group
1995; Jiang et al. 1995; Wang and Li 1995). Total N, inorganic N, C/N ratios,
soil moisture and pH values in soils are shown in Table 1. The study area is
dominated by Kobresia grasses. The dominant species are Kobresia pygmaea,
Ptilagrostis concinna, Saussurea superba, Potentilla nivea, Potentilla bifurca,
Gentiana straminea, Leontopodium nanum and Thalictrum alpinum.
In the summer of 2000, three sites, uniform in species composition and cover,
were selected along altitude gradients. Site I is located at Haibei Alpine
Meadow Ecosystem Station of the Chinese Academy of Sciences, Qinghai
Province (3736¢N,10119¢ E, 3215 a.s.l.). Site II is located 16 km northwest of
the station (37 52¢ N, 101 02¢ E, 3515 m a.s.l.). Site III is located at the south
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slope (<30) of Oboling, 24 km northwest of the station (38 00¢N, 100 55¢ E,
3755 m a.s.l.).
15N additions
In the July of 2000, three 9 m2 plots were established at each site. On the July
26 of 2000, 15N tracers were dissolved in H2O and sprayed on two of the three
plots, respectively. Na15NO3 (99.26 atom%) was applied at 4.4 kg N
hm2 yr1, and (15NH4)2SO4 (99.40 atom%) at 5.6 kg N hm
2 yr1. Another
amount of H2O was sprayed on each plot in order to prevent more
15N from
being absorbed on the leaves. The total amount of H2O was equivalent to
2 mm of rain. At the same time, equivalent H2O was sprayed on the third plot
as the control. 15N tracers were added to alpine meadows only for one growth
season. Samples of soils, gases and biomass were collected one day before 15N
additions and 4 weeks and 8 weeks after 15N additions at each site, and 11–
13 months following 15N additions at the site III.
Sampling and analysis
Soil sampling
At each sampling, 15 soil cores (2.7 cm in diameter, 15 cm in depth) were
collected randomly on each plot. Every 5 soil cores were combined as one
sample. The samples were put into an ice-box and brought into the laboratory.
Immediately the samples were mixed well and sieved (<2 mm). The sieved
soils were analyzed for soil moisture, pH, total N, 15N/14N ratio and organic C.
Soil moisture was determined gravimetrically and pH was measured by a
glass electrode using a 1:2 soil-to-water ratio. Soil organic C was measured by
the dichromate digestion method (Kalembasa and Jenkinson 1973). Total N of
the samples was determined by Kjeldahl digestion with a salicylic acidiﬁcation
(Pruden et al. 1985). Microbial biomass N was estimated by a chloroform
fumigation-direct extraction method (Brookes et al. 1985; Davidson et al.
1989). NH4
+–N and NO3
–N in K2SO4 extracts were measured by stream
distillation with MgO, using Dewarda’s alloy to reduce NO3 to NH4 (Bremner
1965).
Table 1. Total N and inorganic N in soil before N additions. Soil moisture, C/N ratio and pH are
also shown
Date 25 Jul Total N % Inorganic N g m2 Soil moisture % C/N pH
Site I 0.53 ± 0.04 0.87 ± 0.10 18.7 ± 0.9 18.2 ± 0.7 7.5
Site II 0.50 ± 0.06 0.68 ± 0.20 31 ± 0.01 18.7 ± 0.9 7.8
Site III 0.48 ± 0.01 1.1 ± 0.16 23.4 ± 1.1 18.2 ± 0.7 7.5
All data are for the top 15 cm of soil in the ﬁeld, with means ± SD of the three sites per treatment.
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Plants material sampling
Root biomass was estimated from 2.7 cm diameter soil cores collected to
15 cm depth because more than 95% of the roots are concentrated in this
depth in Kobresia meadows (Zhou 1982). At each sampling, 15 cores were
collected on each plot. Live roots, carefully removed from the soil cores, were
rinsed with water. Aboveground biomass was measured by harvesting a
25 · 25 cm squares (n=3). All plant material was dried in an oven at 60 C
over 48 h. Ground plant material was analyzed for total N, 15N/14N ratios
and C content.
CO2 sampling
We only measured soil CO2 emissions using a closed chamber method in this
research. Three square iron frames with channels were inserted 5 cm inside the
soils on each plot, respectively. The frame provided a base to mount a closed
chamber (40 cm · 40 cm · 25 cm). When we measured soil CO2 emissions, the
channel was ﬁlled with water for a tight ﬁt, and the chambers were kept for one
and a half hours. Two small battery-operated fans were installed on the
chamber ceiling to circulate the air within the chamber. Three-way stopcocks
were ﬁtted at the top of the chambers to collect gas samples. CO2 emissions
from the control and N-amended plots at the same site were measured
simultaneously. We measured the chamber temperature with a glass ther-
mometer inserted from the top of the chamber. Air temperature and soil
temperatures at depths of 0, 5, 10, 15 and 20 cm were also determined. CO2
concentrations were measured using a Li-Cor6252 CO2 infrared analyzer. CO2
emission rates were calculated following methods described by Zhang et al.
(2001).
It is impossible to ﬁnish all the measurements of CO2 emissions at all the
sites during the same period in one day because it is diﬃcult work to carry out
these experiments at over 3200 m above sea level. Previous studies showed that
soil CO2 emission rates measured both from 9:00 to 11:00 and from 15:00 to
17:00 were close to the mean values determined during a-24 h period with 2-h
intervals (Cao et al. 2003). Hence, in our experiment most CO2 emission
measurements were ﬁnished from 9:00 to 11:00 in the morning, while others
were done from 15:00 to 17:00 in the afternoon. Our results also showed that
mean CO2 emission rates of the control plots were compared to those observed
in other alpine meadows (Liu et al. 2001; Cao et al. 2004).
15N analysis and calculation
All the samples for 15N analysis followed the methods described by Buresh
et al. (1982) and Pruden et al. (1985), except NH4
+–N and NO3
–N samples.
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H2O-free alcohol was distilled after each digest was distilled. The
15N/14N
ratios were measured on a Finnigan MAT-251 mass spectrometer.
The 15N recovered in plants or inorganic N (NH4
+-N + NO3
-N) was
measured by multiplying the N concentration of the pool by the mass of the
component per square meter and its atom% excess 15N. The 15N recovered in
soil microbial biomass was calculated as the diﬀerence in the 15N recovered in
non-fumigated and fumigated soil samples. The 15N recovered in soil organic
matter was calculated as the diﬀerence between the 15N recovered in bulk soil
and the 15N recovered in the soil microbial biomass and extractable inorganic-
N pools (Zogg et al. 2000). Standard deviation of the mean (SD) was calculated
to provide a measure of the variance for 15N recovered in diﬀerent compo-
nents, root biomass, and soil CO2 emission measurements.
Results
Soil CO2 emissions
CO2 emission rates were in the range of 0.5 to 3.0 lmol mm2 s1 during the
2 months in alpine meadows (Table 2). CO2 emission rates of the control,
added NO3
 and NH4
+ plots averaged 1.20, 1.32 and 1.44 lmol m2 s1,
respectively. Because soil temperature has often been described as important
variable determining CO2 emission rates (Braswell et al. 1997), here we have to
distinguish which accounts for observed CO2 diﬀerences between soil tem-
perature and N deposition. In our research CO2 emission rates were in positive
correlation with soil temperatures at depth of 5 cm (Figure 1), but we found
there’re no signiﬁcant temperature diﬀerences between treatments. It indicated
that soil CO2 emissions were mainly enhanced by N deposition in alpine
meadows.
Table 2. The eﬀects of N deposition on soil CO2 emission rates in alpine meadows
Sites Treatment
CO2 emission rates (lmol m
2 s1)
20 Aug 20 Sep
Control 1.18 ± 0.20 1.43 ± 0.13
Site I NO3
 0.92 ± 0.13 2.07 ± 0.13
NH4
+ 1.52 ± 0.12 1.36 ± 0.10
Control 1.89 ± 0.55 0.47 ± 0.02
Site II NO3
 1.71 ± 0.46 0.17 ± 0.05
NH4
+ 3.08 ± 0.44 0.20 ± 0.03
Control 2.21 ± 0.75 0.77 ± 0.10
Site III NO3
 2.97 ± 0.54 0.34 ± 0.06
NH4
+ 1.93 ± 0.40 0.92 ± 0.20
Means ± SD of sites I–III are shown, with three chambers as averaged sub-samples per site. Only
soil CO2 emissions were measured.
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Based on their soil CO2 emission rates, the amount of CO2-emitted from the
control, added NO3
 and NH4
+ plots was 74.65, 82.11 and 89.58 g C m2
during the 2 months. In the research of Cao et al. (unpublished data) in Ko-
bresia meadows they found that CO2 emission during both August and Sep-
tember was close to 30% of the annual emission. Hence, the annual CO2
emission from the control, added NO3
 and NH4
+ plots was estimated to be
about 248.83, 273.70 and 298.60 g C m2, respectively. Here these values are
the gross soil CO2 source, which includes root respiration and microbial res-
piration. However, root respiration was considered when we calculated net
primary production. So root respiration should be subtracted from the gross
soil CO2 source when the C balance is calculated. Many studies found that the
contribution of root respiration to total soil CO2 source averaged from 10 to
90% depending on vegetation type and season of the year (Hanson et al. 2000).
The contribution of live root respiration to the total soil emissions is very high
in cold, northern biomes, varying from 50 to 93% in arctic tundra (Billings et
al. 1977, 1978; Chapin et al. 1980) and from 62 to 89% in boreal forests (Bonan
1993; Ryan et al.1997), but Hu et al. (2004) found it was about 35 ± 29% in
alpine meadows using a basal method (Marshall and Perry 1987). Here we
assumed that the contribution of root respiration to the total soil CO2 source
averaged 40% in alpine meadows. As a result, the annual microbial respiration
from the control, NO3
 and NH4
+ plots was estimated to be about 111.97,
123.17 and 134.37 g C m2. The area of alpine meadows is about 35% of the
whole Qinghai-Xizang Plateau. The net CO2 emissions exposed to deposited
NO3
 and NH4
+ in alpine meadows were estimated to be 13.1 and 26.1 Tg
C yr1, respectively. So the total net CO2 emission could be estimated to be
39.2 Tg C yr1 exposed to N deposition in alpine meadows.
y = 0.133x - 0.04
     R2 = 0.406, p<0.004
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Figure 1. Correlation between soil CO2 emission rates and soil temperatures at depth of 5 cm.
359
Enhanced C sequestration based on 15N tracers to soil and plant pools
Short-term fate of 15N-labelled ammonium and nitrate was shown in Table 3,
which demonstrated that short-term fate of added ammonium and nitrate was
signiﬁcantly diﬀerent in alpine meadows. More 15N was taken up by both roots
and soil organic matter. Plants and soil micro-organisms took up more
NO3
15N than NH4+15N, while soil organic matter retained more
NH4
+15N than NO315N. Detailed short-term fate of 15N tracers at Site III
was available (Xu et al. 2003). Long-term fate of 15N tracers at Site I was also
available (Xu et al. 2004). It showed that soil organic matter, soil micro-
organisms and plants retained 26.3, 26.6 and 39.2% of added NO3
15N, while
they recovered 32.3, 15.9 and 14.5% of applied NH4
+15N after one year
following N additions. This implied that the ability to retain NO3
 was higher
than to retain NH4
+ in alpine meadows. Compared to their short-term fate,
more NO3
 was taken up by plants while more added NH4
+ was retained in
soil organic matter. Here we used short-term allocation of 15N tracers to soil
and plant pools in alpine meadows because there’re no signiﬁcant diﬀerences
between shot-term and long-term allocation of 15N tracers to soil organic
matter and plant pools. The amount of input N with rain was about 7.2–10 kg
N hm2 yr1 in the alpine meadow in Qinghai-Xizang Plateau (Zuo et al.
1986). We assumed that the amount of N input through rain was 10.0 kg–
hm2 yr1. So the magnitude of deposited N in alpine meadows in Qinghai-
Xizang Plateau was estimated to be about 0.88 Tg yr1. Following the methods
described by Nadelhoﬀer et al. (1999), the CO2 uptake by alpine meadows
caused by N deposition was estimated to be about 16.7 Tg C yr1 (Table 4).
Enhanced C sequestration based on enhanced root biomass exposed to N
deposition
Heer and Ko¨rner (2002) showed that high elevation pioneer plants were
sensitive to mineral nutrient addition, and exhibited massive biomass stim-
ulations at 2500 m a.s.l. in the Swiss Central Alps. A similar result was
obtained in our research. It showed that N addition had a big boost on
biomass in alpine meadows over 3200 m a.s.l. in the Qinghai-Xizang Pla-
teau, and added N played a diﬀerent role in stimulating aboveground and
root biomass (Figures 2 and 3). Here we just considered root biomass be-
cause it was signiﬁcantly higher than aboveground biomass, and N depo-
sition stimulated it more than aboveground biomass in alpine meadows.
Root biomass decreased to the minimum On September 6. 11–13 months
after 15N additions, both aboveground and belowground biomass in N-
amended plots increased substantially (Figures 4 and 5). It indicated that it
is not temporary for the eﬀects of N deposition on biomass in N-limited
alpine meadows.
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The amount of C sequestration caused by N deposition was calculated by
multiplying C content of roots biomass and the diﬀerence of that between the
fertilized and non-fertilized. Therefore, the CO2 uptake by alpine meadows due
to NO3
 + NH4
+ deposition was estimated to be about 256 Tg C yr1. The
turnover of live roots is about 3–4 years (Cao and Zhang 2001). So about 30%
of roots will be dead in the coming year. Decomposition experiment using a
buried-bag incubation technique showed that 16.25% of dead roots was lost
due to decomposition during the ﬁrst year and 70% of dead roots detritus
could reside in upper soils for a long time (Cao and Zhang 2001). Here we
assumed that 50% of dead roots resided in the soils in the form of soil organic
Table 4. Estimated CO2–C uptake by alpine meadows due to nitrogen deposition
Alpine meadow
pool (1)
Nitrogen deposition
allocated to
pool (%) (2) C/N (3)
N deposition
in pool (Tg)
(=0.88 Tg·(2)) (4)
CO2–C taken up
(Tg) (=(3) · (4)) (5)
Root 32.5 34.9 0.29 10.1
Green 6.1 17.7 0.05 0.9
Litter 0.6 21.8 0.005 0.1
Soil 32.6 19.4 0.29 5.6
Jul 26/00 Aug 9/00 Aug 20/00 Sep 6/00 Sep 20/00
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0
Time
R
oo
t b
io
m
as
s 
(kg
 m
-
2 )
 control
 NO3
-
 NH4
+
Figure 2. Root biomass exposed to enhanced N deposition in an alpine meadow. Vertical bars
indicate the standard deviation of the measurement mean (±SD) for three sites per treatment. An
increase in root biomass after Sep 6 in 2000 originates from the growth of cold-tolerant species.
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matter. So the enhanced C sequestration by alpine meadows caused by N
deposition should be estimated to be about 217.6 Tg C yr1.
Discussions
Nadelhoﬀer et al. (1999) show that N deposition makes a minor contribution to
C sequestration in temperate forests through the partitioning of added 15N in
forests. However, our results imply that their budget is experiencing some
uncertainties. First, the contribution of N deposition to C sequestration in al-
pine meadows is 16.7 Tg C yr1 based on the allocation of 15N tracer to the soil
and plant pools, and 217.6 Tg C yr1 based on increased root biomass observed
in the N-amended plots. The latter is an order of magnitude greater than the
former. Apparently, the contribution of N deposition to C sequestration can be
seriously underestimated using the partitioning of 15N tracers in terrestrial
ecosystems. Second, N deposition has a great inﬂuence on the soil CO2 evolu-
tion. In our research N deposition can enhance the net soil CO2 emissions. It
means we should subtract it from the enhanced C storage caused by N depo-
sition. It is 178.4 Tg C yr1 when we subtract the net soil CO2 emission from the
increased root biomass caused by N deposition, which implies that the
Time
Jul 26/00 Aug 9/00 Aug 20/00 Sep 6/00 Sep 20/00
Ab
ov
eb
io
m
as
s 
(g 
m-
2 )
0
20
40
60
80
100
120
140
160
Control
15NO3
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+
Figure 3. Aboveground biomass exposed to enhanced N deposition in an alpine meadow. Vertical
bars indicate the standard deviation of the measurement mean for three sites per treatment.
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enhanced C uptake by vegetation exposed to N deposition can be overestimated
in alpine meadows if the eﬀects of N deposition on soil CO2 emissions are not
taken into account. Regard to another estimate of C uptake by alpine meadows,
the amount of the net CO2-C emission caused by N deposition exceeds the value
estimated using the allocation of 15N tracer to soil and root pools. It indicates
that N deposition might have an impound impact on all the aspects of terrestrial
ecosystems. Many researchers (Legg and Stanford 1967; Saphozhnikov 1969;
Broadbent and Nakashima 1971; Westerman and Kurtz 1973, 1974) ﬁnd that
added N can apparently increase mineralization of native organic N following
15N additions both under laboratory and ﬁeld conditions. Bowman and Steltzer
(1998) show that N deposition cause replacement of the dominant plant species
in alpine tundra, and lead to an eightfold increase in the net mineralization and
nitriﬁcation. Therefore, we suspect that deposited N result in an increase in the
net N mineralization in alpine meadows, then deposited N and mineralized N
stimulate plant growth together. It means that we have to be cautious to draw a
conclusion when we estimate the contribution of N deposition to C sequestra-
tion based on the partitioning of 15N tracers in terrestrial ecosystems, in par-
ticular in N-limited ecosystems. Even if we assess the contribution of N
deposition to C sequestration using increased terrestrial biomass or increased C
in soils caused by N deposition, likewise, we have to be cautious. The reason is
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Figure 4. Aboveground biomass after 11–13 months following 15N additions. Vertical bars
indicated the standard deviation of the measurement mean for three sub-samples per treatment at
site III.
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that N deposition can have great inﬂuence on other ecological processes related
to C sequestration, such as litter decomposition and soil CO2 emissions, which
aﬀects our estimate of the contribution of N deposition to C sequestration. Our
results shows that it is a better method to assess the contribution of N deposition
to C sequestration in terrestrial ecosystems using increased biomass and in-
creased C in soils caused byN deposition, along with considering the eﬀects of N
deposition on the net soil CO2 evolution.
Fang et al. (2001) have shown that the annual forest C storage in China is
estimated to be about 0.021 Pg in China during the past two decades. Cao et al.
(2003) has reported that net ecosystem production in China during the period
of 1981–2000 varies between 0.32 and 0.25 Pg C yr1, with a mean value of
0.07 Pg C yr1. Compared to the annual forest C storage and net ecosystem
production in China, C sequestration caused by N deposition is very high in
alpine meadows in the Qinghai-Xizang Plateau in China. It can be estimated to
be 0.18 Pg C yr1, which can compared to C uptake (0.29 to 0.35 Pg C yr1)
stimulated by anthropogenic N deposition in North America (Holland and
Brown 1999). What’s more, plant growth is still limited by available N supplies
in alpine meadows, with an output of 159.35 kg hm2 yr1 and an input of
84.73 kg hm2 yr1 (Cao and Zhang 1999). Additionally, the decomposition
of dead roots and soil organic matter is very slow in alpine meadows due to
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Figure 5. Root biomass after 11–14 months following 15N additions. Vertical bars indicate the
standard deviation of the measurement mean for three sub-samples per treatment at sites III.
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lower temperature. Most of soil organic matter derived from dead roots can
reside in soils for decades. It means that N deposition can simulate C
sequestration in the coming decades, even hundreds of years. As a result, N
deposition might make a great contribution to C sequestration in alpine
meadows in the Qinghai-Xizang Plateau.
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